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SEARCH FOR RARE NATURAL DECAY MODES FROM 228~h 
T.E. Ward, M. Fatyga, and K. Kwiatkowski 
Indiana University Cyclotron Facility, Bloomington, Indiana 47405 
In a recent letter b s e  and ~onesl reported the 
discovery of a new kind of natural radioactivity 
observed in the decay, 223Ra+209~b+14~. They 
identified the 14c particles using a solid state 
counter telescope whose AE, E signals uniquely define 
both the charge and total energy. The observed energy 
sum of "30 MeV was in good agreement with the 
calculated Q-value of 31.8 MeV after taking into 
account the recoil energy of 209~b. The branching 
ratio for the emission of 14c relative to a-decay from 
22 3 ~ a  was measured to be 8.5+2.5~10'~ which 
corresponds to a partial half-life of 36.8 My. Due to 
the small branching ratio, counting intervals of about 
one half-year were required to accumulate statistics of 
8-12 events. The possibility of such strange and rare 
decay modes were calculated by Rose and ~onesl by 
comparing the ratios of the Gamow factors of the exotic 
emissions to that of a-decay. A comparison of the 
preformation probabilities of 223Ra decaying by carbon 
emission indicated that 14c was preferentially favored 
by several orders of magnitude over other carbon nuclei 
resulting in a very selective decay. 
This new type of decay was first predicted in 1980 
by Sandulescu, Poenaru and ~reiner.~ The new decay, 
intermediate between a-decay and fission, was treated 
as fission with maximal asymmetry of the fragment 
masses or as emission of a heavy cluster. This exotic 
decay could therefore be viewed as the spontaneous 
emission of an intermediate mass fragment (IMJ?) similar 
in many ways to spontaneous fission into two roughly 
equal heavy fragments. Predictions of the relative 
penetrabilities for a number of these strongly mass- 
asymmetric two-body fragmentation decay modes were 
made. Two important factors were noted by these 
authors which can account for the selectivity observed 
in the 14c decay. These are: a) the existence of two 
minima in the potential energy surface, a deep 
asymmetric minimum and a shallower more nearly 
symmetric minimum, and b) shell effects which play an 
important role in the descent from the saddle point to 
t h e  s c i s s i o n  po in t .  These two f a c t o r s  combine t o  l i m i t  
decay i n t o  a  few s e l e c t i v e  mass-asymmetric channels  
l e a d i n g  t o  f i n a l  s t a t e  n u c l e i  near  N=126 c lo sed  s h e l l .  
I n  t h e  p r e s e n t  s t udy  we have searched f o r  r a r e  decays 
of  t h e  type 
2 2 8 ~ h  + 2 0 6 ~ g  + 2 2 ~ e  and 
228Th + 2lopb + 180. 
The 2 2 8 ~ h  sou rce  used i n  t h i s  s t udy  had a  nominal 
s p e c i f i c  a c t i v i t y  of 1 pCi. The thorium oxide  was 
e l e c t r o d e p o s i t e d  and d i f f u s i o n  bonded on platinum f o i l  
w i t h  a  100-200 p,g/cm2 Au l a y e r .  The d e t e c t o r s  
c o n s i s t e d  of a  g a s  i o n i z a t i o n  chamber (GIC) w i th  a  
1 0 0 ~  S i  d e t e c t o r  mounted i n s i d e .  With a  t y p i c a l  
o p e r a t i n g  p re s su re  of 30 t o r r  of i sobu tane .  The t o t a l  
energy l o s s  measured f o r  t h e  5.4(3 MeV a - p a r t i c l e s  was 
"0.9 MeV whereas f o r  50 MeV 2 2 ~ e  t h e  t o t a l  energy l o s s  
was c a l c u l a t e d  us ing  range energy t a b l e s 3  t o  be 
10.56+0.16 MeV. The energy c a l i b r a t i o n  was performed 
us ing  both 2 2 8 ~ h  and 241Am a - p a r t i c l e s  and a  p r e c i s i o n  
p u l s e r .  The u n c e r t a i n t y  i n  t h e  energy c a l i b r a t i o n  a t  
50 MeV was e s t ima ted  t o  be appro:cimately k1.5 MeV. 
Using s t anda rd  nuc l ea r  e l e c t r o n i c  techniques  t h e  GIC 
(AE) was used t o  g a t e  t he  c o i n c i d e n t  Si(E-AE) events .  
Lower l e v e l  d i s c r i m i n a t o r s  were s e t  on both  t h e  AE(>1 
MeV) and E(>7 MeV) coun te r s  i n  o rde r  t o  b i a s  ou t  s i n g l e  
a-events and minimize dead t ime problems. Pile-up 
r e j e c t i o n  g a t e s  were used on AE and E coun te r s .  The 
d e t e c t e d  a - p a r t i c l e  r a t e  was "200 s'l w i t h  a  t o t a l  of 
"170 m i l l i o n  even t s  depos i t ed  dur ing  t he  10d count ing  
i n t e r v a l .  A t e n  day background run under i d e n t i c a l  
c o n d i t i o n s  us ing  a  1 pi 241Am sou rce  d i d  not  produce 
any d e t e c t a b l e  amount of background i n  t h e  energy 
r eg ions  of i n t e r e s t .  Data were s t o r e d  i n  a  Canberra 
8180 MCA a s  c o i n c i d e n t  (E-AE) even t s  w i th  t h e  ga t ed  AE 
s i g n a l  used a s  t h e  co inc idence  s t a r t  f o r  t he  (E-AE) 
s i g n a l .  The E spectrum was c a l i b r a t e d  t o  look f o r  
e v e n t s  up t o  about 98 MeV. 
I n  two runs  of 9x105sec s e v e r a l  h igh  energy e v e n t s  
(30-50 MeV) were observed but no AE s i g n a l s  of t h e  
proper  energy were recorded.  We can  unders tand t h i s  
r e s u l t  a s  due t o  m u l t i p l e  p i le -up  which is  uniquely  
a s s o c i a t e d  wi th  t h e  2 2 8 ~ h  decay chain .  S p e c i f i c a l l y ,  
300 ns  2 1 2 ~ o  (Ea~8 .785  MeV) is  s o  s h o r t  l i v e d  t h a t  i t  
a l l ows  m u l t i p l e  p i l e  up w i t h i n  t h e  1 ps r e s o l v i n g  t ime 
of t h e  slow c o i n c i d e n t  g a t e .  Fu r the r  checks w i th  a n  
241Am and 226Ra sou rces  i n d i c a t e d  t h a t  t h i s  was t h e  
c a s e  s i n c e  double  and t r i p l e  a  p i l e  up even t s  dominated 
t h e  10-20 MeV reg ion  but no even t s  were observed a t  t h e  
h ighe r  ene rg i e s .  
The r e s u l t s  of t h i s  s t udy  can  be compared w i th  
t hose  of Rose and ~ o n e s l  and w i th  t h e  p r e d i c a t i o n s  of 
Saudulescu,  Poenaru and ~ r e i n e r  . The branching r a t i o  
f o r  t he  emiss ion  of 180 o r  221~e from 2 2 8 ~ h  was s e t  a t  a  
l i m i t  of > 3 x 10'~ which corresponds  t o  p a r t i a l  
h a l f - l i f e s  > 600 myr. 
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